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(57) Abstract 



A plate-like wall structure or wall component which comprises: outer surfaces (1,2) and, between them, loadbearing frame members 
made up of sheet metal profiles (3, 4), the frame members having flanges (7a, 7b) and, connecting them, a web (6) in the orientation of the 
thickness of the structure or the component; as well as a stiff thermally insulating composite material (15) in which the principal binding 
agent is a hydraulically hardening inorganic mix and which fills the spaces between the metal profiles and is bonded to these profiles. Each 
frame member in this wall structure or wall component consists of a thermal profile (3, 4) the web and flanges of which are made up of one 
bent sheet metal piece and which comprises in its web thermal perforation (9) reducing the conduction of heat. All of those side edges (16, 
26) of the wall structure or wall component (10) which are transverse to the plate orientation (P) are made up of the said thermal profiles, 
and the thermally insulating composite material (15) is a thermal concrete the aggregate in which is in the main made up of hollow particles! 
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THERMAL WALL AND METHOD FOR MANUFACTURING THE WALL 

The invention relates to a plate-like wall structure or wall component which com- 
5 prises: oppositely positioned outer surfaces and, between the outer surfaces, load- 
bearing frame members formed of thermal profiles, the frame members being made 
up of substantially one bent sheet metal piece and comprising: at opposite edges, 
flanges, at least part of one or both flanges being located in the area of the outer sur- 
faces; connecting the flanges, a web in the orientation of the thickness of the struc- 

10 ture of the component; in its web, thermal perforation which reduces the conduction 
of heat, the perforation being made up of substantially oblong thermal apertures, the 
oblong property of the apertures being parallel to the profile length and there being 
such apertures in adjacent rows in the web so that in any two adjacent rows of aper- 
tures the thermal apertures are offset relative to each other. The invention also re- 

15 lates to methods for the fabrication of wall structures and wall components of a cor- 
responding type by using at least one casting form surface and by casting, between 
the sheet metal profiles and in contact therewith, a composite material in which the 
principal binding agent is a hydraulically hardening inorganic mix and which fills 
the spaces between the sheet metal profiles and forms a rigid thermal insulation. 

20 

FI publication 75389 describes a wall frame having vertical lightweight beams made 
from thin sheet and between them foamed concrete the density of which is stated to 
be at maximum 600kg/m 3 . The description in the publication also mentions 
350 kg/m 3 as a possible density for the foamed concrete, and the figures in the pub- 

25 lication also depict such a positioning of these light beams that no cold bridges are 
formed in the orientation of the thickness of the wall frame. In addition, one of the 
figures in the publication shows a curve purporting to depict the thermal conductiv- 
ity of foamed concrete as a function of the density. In those structures according to 
the publication in which cold bridges are avoided, it has been necessary to use pro- 

30 files having a very small cross-sectional surface, in which case the loadbearing ca- 
pacity of the wall is poor. One figure in the publication depicts profiles wider rela- 
tive to the wall thickness, in which case a good loadbearing capacity can be obtained 
for the wall with a sufficient wall thickness. Since in this embodiment the metal 
profiles extend directly from one outer surface of the wall to the other outer surface, 

35 there are, nevertheless, cold bridges formed in their area, and so this structure of the 
reference publication is not suitable for an exterior wall of a building. On the basis 
of practical experiments, the foamed concrete density of 350 kg/m 3 mentioned in the 
publication is not suitable for use in exterior walls or in loadbearing walls, since the 
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strength of such concrete is very low and, furthermore, it has a considerable ten- 
dency to crack. In addition, in fact the value of the thermal conductivity of such 
foamed concrete having a density of 350 kg/m 3 is ? contrary to what is shown in the 
figure of the reference publication, approx. 0.1 W/m 2 K, which is not sufficient in- 
sulation for an exterior wall. On the basis of practical experiments, a non-cracking 
and sufficiently strong wall structure is achieved only by using foamed concrete 
having a density of at minimum 600 kg/m 3 ? and the thermal conductivity of such 
foamed concrete is of the order of 0.16W/m 2 K, which, at least in Finnish condi- 
tions, is far too high a value for the thermal conductivity of an exterior wall if it is 
desired to keep the wall thickness moderate. On the other hand, the increasing of the 
wall thickness considerably increases the weight and price of the structures and is 
therefore not a practicable solution. Furthermore, it is to be taken into account that 
the manufacturing process of foamed concrete, i.e. the process of foaming the con- 
crete mix, is technically very difficult to control, and therefore there easily tends to 
be formed a defective product which may have to be remade and the original may 
have to be destroyed or be used for secondary purposes, which further increases the 
price of the structure. The wall structure according to FI reference publication 
75389 has thus not been used anywhere. Corresponding structures have also been 
described in US publications 2 762 472, 4 805 357 and 2 934 934. In these, the sheet 
profiles contain very large apertures and, nevertheless, there are direct routes for 
heat transfer from one surface of the wall to the other. The strength of such a profile 
is low and its thermal insulation capacity poor. The casting mix used is either air- 
entrained concrete, ordinary concrete, or a concrete containing perlite or vermiculite 
as the filler. The thermal insulation capacity of such mixes is at maximum of the 
same order as that of the foamed concrete described above, but usually considerably 
lower. Thus, a wall which both is strong and has a high thermal insulation capacity 
is not obtained by using these described structures. 

US publication 4 918 897 describes a very complicated system for the construction 
of multiple story buildings. The vertical loadbearing sheet profiles in this reference 
publication have perforated portions which, according to the description in the pub- 
lication, are intended for improving the bonding between concrete and the metal 
profile. The publication does not include a more detailed description of the quality 
or type of the concrete or corresponding mix to be cast between the sheet metal 
profiles, and thus what is in question is probably conventional concrete having sand 
and/or gravel and/or crushed stone as the aggregate. Furthermore, the sheet metal 
profiles according to the publication are made from a plurality of parts, and there- 
fore their manufacturing costs are high. Thus, it is indispensable to provide a sepa- 
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rate insulation in a loadbearing wall structure according to US publication 
4 918 897, as is indeed shown in the figures in the publication. In addition, the 
structure will be very heavy and, owing to the complicated character of the sheet 
metal profiles, also very expensive. 

5 

Publications US-4 713 921, EP-0 136 618 and SE-394 478 describe thermal profiles 
made from sheet metal, wherein the web of the profile has oblong longitudinal slit- 
like apertures, the apertures adjacently positioned in the orientation of the profile 
width being offset one relative to another. Thus the thermal flow from one outer sur- 

10 face to the other will have to travel past the slit-like apertures via a considerably 
tortuous route, which improves thermal insulation as compared with a profile perfo- 
rated in some other fashion. However, the apertures being relatively small enables 
the sheet metal profile to have moderate strength. According to these publications, 
the thermal insulation is mineral wool in the form of panel pieces placed between 

15 the profiles. However, such a wall structure requires relatively sturdy profiles when 
the wall is to be made loadbearing. This increases the costs. 

An object of the present invention is therefore to provide a cast-on-site wall struc- 
ture or a wall component prefabricated elsewhere and brought to the building site in 

20 which structure or component the loadbearing sheet metal profiles can be made si- 
multaneously capable of bearing high loads and to make good thermal insulation of 
the wall possible. This means thus that the loadbearing sheet metal profiles used 
withstand high loads in the direction of their length, but do not form cold bridges 
extending across the wall. Another object of the invention is to provide a wall 

25 structure or wall component of this type wherein the thermally insulating composite 
material provided between the sheet metal profiles is simultaneously light in weight, 
well thermally insulating, and strong. This means that extra thermal insulation is not 
necessarily required in a wall structure or wall component according to the inven- 
tion; when necessary, the rigid thermally insulating composite materia] filling the 

30 spaces between the sheet metal profiles may, at a moderate thickness, form a suffi- 
cient thermal insulation for an exterior wall of a building even in Finnish conditions. 
Of course, this does not mean that it would not be possible to use extra thermal insu- 
lation, nevertheless. A third object of the invention is a wall structure or wall com- 
ponent of this type wherein all the materials and structural parts are so simple and 

35 easy to use that the manufacturing costs of a wall structure cast on site or a wall 
component prefabricated elsewhere and brought to the building site are low. 
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The above disadvantages can be eliminated and the objects defined above can be 
achieved by using a wall structure or wall component according to the invention, 
which is characterized in what is stated in the characterizing clause of Claim 1, and 
by the method according to the invention, which is characterized in what is stated in 
5 the characterizing clauses of Claims 7 and 8. 

The most important advantage of the invention is that the new thermal profile used 
in it has properties which especially well prevent the conduction of heat in the di- 
rection of the wall thickness and at the same time has a very good loadbearing ca- 

10 pacity in spite of its low thermal conductivity. Another advantage of the invention is 
that the density of the thermal concrete used in a wall according to the invention 
may be less than 350 kg/m J while the strength of the thermal concrete is, neverthe- 
less, very good. Furthermore, this thermal concrete does not have any tendency to 
crack at this said density and not even at a lower density. In addition, the thermal 

15 conductivity of the thermal concrete to be used in the structure according to the pre- 
sent invention is very low, for example at the said density 200-250 kg/m 3 of the or- 
der of 0.06 W/m 2 -K, and thus the thermal insulation provided by this thermal con- 
crete is very good even at small wall thicknesses. In addition, wall structures accord- 
ing to the invention may be fabricated either on site or as components elsewhere by 

20 a simple and easily controlled manufacturing method in which the error possibilities 
are very small. Thus, by using the structure according to the invention, durable, 
lightweight walls with a high loadbearing capacity and a high insulation capacity are 
obtained for exterior walls and partition walls of buildings. 

25 The invention is described below in greater detail, with reference to the accompany- 
ing drawings. 

Figure 1 depicts a horizontal cross section of a wall structure or wall component ac- 
cording to Figure 2, through its plane I-I: 

30 

Figure 2 depicts, as seen in a horizontal direction, a typical wall structure or wall 
component according to the invention and its adjoining to the adjacent wall structure 
or wall component, from direction II in Figures 1 and 3. 

35 Figure 3 depicts schematically an extension of a wall structure section or a wall 
component according to the invention or their connection to each other, in a hori- 
zontal cross-section through plane III-III in Figure 2. 
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Figures 4A-4F depict cross-sections of some embodiments of the thermal profile ac- 
cording to the invention, through IV-IV in Figure 2. 

Figure 5 depicts one thermal perforation of a thermal profile according to the inven- 
5 tion, in a direction perpendicular to the web of the profile, from direction V in Fig- 
ures 4A-4F. 

Figure 6 depicts the connection of two wall structure sections or wall components 
according to the invention in area VI of Figure 3, but on a larger scale and sup- 
10 plemented with potential additional structural parts of the wall. 

Figure 7A depicts one preferred embodiment of the fabrication of a wall component 
according to the invention, seen from above from direction VII in Figure 7B. 

15 Figure 7B depicts the wall component prefabrication method according to Figure 
7A, as seen in a horizontal direction as a cross-section through VIII-VIII in Figure 
7A. 

Figure 8A depicts one method according to the invention for the fabrication of a 
20 wall structure, a wall structure section or a wall component by another method ac- 
cording to the invention, as seen from above from direction IX in Figure 8B. 

Figure 8B depicts the method according to Figure 8A for the fabrication of a wall 
structure, a wall structure section or a wall component, as seen from the side in a 
25 cross-section through X-X in Figure 8A. 

In the following description, reference numeral 10 is used for indicating in general a 
wall structure, wall structure section or wall component according to the invention. 
Reference numerals 10a and 10b are used for indicating a wail structure section or a 

30 wall component only when the case is of two adjoining or otherwise separate wall 
structure sections or wall components. Reference numerals 3 and 4 are used for in- 
dicating generally sheet metal profiles, and specifically thermal profiles according to 
the invention, when it is not necessary to define their location or position. Their 
modified reference numerals 3a, 3b, 3c, etc., and, respectively, 4a, 4b, 4c, etc., are 

35 used only when it is necessary to specify the location or position of a thermal profile 
according to the invention. Reference numeral 5 is used for the thermally insulating 
composite material when it is in a fluid, i.e. castable, form and reference numeral 15 
when it has hardened to its final loadbearing and thermally insulating form. It is to 
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be understood that in this case sometimes both reference numerals are needed for 
defining the composite material. The wall structure, wall structure section, or wall 
component according to the invention has, of course, a plate orientation P, which 
denotes a plane parallel to the oppositely positioned outer surfaces 1 and 2 of the 
wall structure or wall component, the plane being indicated as plane P in Figures 1 
and 3, the wall structure or wall component according to Figure 2 being seen per- 
pendicular to it. By oppositely positioned outer surfaces 1 and 2 is meant here the 
two outer surfaces of the wall structure or wall component, formed after the fabri- 
cation method according to the invention, which surfaces are, of course, not neces- 
sarily the same surfaces as the exterior surface of the final wall and the surface fac- 
ing the interior of the building, these surfaces being clarified by means of Figure 6. 

These plate-like wall structures or wall components have, between their outer sur- 
faces 1 and 2. loadbearing frame members made up of sheet metal profiles 3, 4, 
which frame members are thus in the final building either vertical, as are the frame 
members 3a-3f in Figure 2, or in an oblique position, as are the frame members 3g 
in Figure 7 A. These frame members have each, at their oppositely positioned edges 
flanges 7a and 7b, a web 6 connecting the flanges and extending in the orientation 
of the thickness D of the structure or component. In this case at least a portion of 
one flange 7a or 7b, or a portion of each of the flanges 7a and 7b, or one flange 7a 
or 7b entirely, or both flanges 7a and 7b entirely are located within the area of the 
above-mentioned outer surfaces 1 and 2 or in alignment with them. Furthermore, the 
plate-like wall structure, wall structure section or wall component in its final form of 
use comprises a stiff thermally insulating composite material 15, which fills the 
spaces between the sheet metal profiles and is bonded to these profiles. It is to be 
pointed out specifically that such a stiff thermally insulating material 15 is a mate- 
rial the principal binder in which is a hydraulically hardening inorganic mix, such as 
cement, in which case it is possible to use Portland cement, blast furnace slag, mix- 
tures thereof, or other as such commonly known or new materials, called for exam- 
ple cements, or mixtures thereof, according to the requirements of the targeted use 
in each given case. 

The wall structure, wall structure section or prefabricated wall component 10 ac- 
cording to the invention comprises frame members 3a, 3b, 3c, etc., 4a, 4b, etc., 
which consist of the thermal profile 3,4 according to the invention, the web 6 and 
flanges 7a and 7b of the frame members being made up of substantially one bent 
sheet metal piece, as can be understood especially on the basis of Figures 4A-4F. 
These thermal profiles 3, 4 comprise in their webs 6 thermal perforation 9 which re- 
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duces the conduction of heat from the direction of one flange 7a towards the other 
flange 7b. and of course also in the opposite direction. By thermal perforation 9 is 
meant the region of thermal apertures 1 1 located over a certain width of the web, 
which area is in the thickness direction D of the wall and extends over the entire 
5 length LL of the thermal profile. All of the side edges 16 and 26 of the said wall 
structure or wall component 10, transverse to its plate orientation P, i.e. parallel to 
the wall thickness D, are made up of said thermal profiles 3,4. This means that the 
vertical and horizontal free side edges 16 of the wall structure or wall component, as 
well as the side edges 26 of, for example, the window openings, the door openings 

10 or any other openings 25 are made up of the said thermal profiles 3, 4. In this case, 
also, no cold bridges are formed in the orientation of the wall thickness D in the area 
of the side edges 16, 26 of the wall structure, its section or the wall component. In 
this connection it can be pointed out that the thermal apertures 1 1 in these thermal 
profiles 3, 4 in the edges 16 ? 26 need not be of the same size as the thermal apertures 

15 1 1 in the thermal profiles 3, 4 within the structure in the area of the outermost side 
edges 16, 26. One further characteristic of the invention is that the thermally insulat- 
ing composite material 15 is a thermal concrete the aggregate of which is in the 
main made up of hollow particles. These hollow particles make it possible that the 
thermal insulation capacity of the thermal concrete is high, its volume weight is low 

20 and, nevertheless, its strength is high. The wall structure or wall component accord- 
ing to the invention is thus based on a combination in which, first, all the metal 
frame members both in the side edges 16, 26 of the structure and within the struc- 
ture are made up of thermal profiles 3, 4, and second, the spaces between these 
frame members are filled by a substantially thermally insulating composite material. 

25 The composite material is thus a thermal concrete in which the aggregate consists 
mainly of hollow particles. 

The structure and structural alternatives of the thermal profile 3, 4 according to the 
invention are shown in greater detail in Figures 4A-4F and in Figure 5. The thermal 

30 profile may, first, be in cross-section a U-profile, as shown in Figures 4A-4D. In 
these, the flanges 7a and 7b of the profile are typically perpendicular to the plane of 
the web 6 or to the mean plane, as shown in the figures. Figures 4E and 4F show 
that embodiment of the thermal profile 3, 4 in which the extreme edges of the pro- 
file flanges 7a and 7b have edge folds 8 pointing against each other, in which case 

35 the thermal profile is in its cross section a so-called C-profile. It is, of course, clear 
that there may also be an edge fold 8 at the extreme edge of only one flange 7a or 
7b, an embodiment not shown in the figures. Figures 4A and 4E show a thermal 
profile according to the invention in which the web 6 is straight and contains only 
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the area 9 of the thermal perforation. Figures 4B and 4D show thermal profile em- 
bodiments in which the web 6 contains two sets of stiffener folds 13 parallel to the 
profile length LL, the folds being oriented in the same direction from the web as are 
the flanges 7a and 7b. Figure 4F shows an embodiment in which one stiffener fold 
5 14 is oriented from the web 6 in a direction opposite to the orientation of the flanges 
7a and 7b. When this thermal profile 3, 4 of the type shown in Figure 4F is used, 
care must be taken during the assembling of the side edges 16 of the wall structure, 
its section or the prefabricated wall component that the profiles will come in the cor- 
rect orientation so that the stiffener grooves 13 and stiffener projections 14 of the 

10 adjoining wall structure sections or wall components 10a and 10b will in the final 
installation settle in correct positions relative to each other. These stiffener folds 13, 
14 may additionally be used for holding in place the insulation between adjoining 
wall structure sections or wall components, as will be described below. The cross- 
sectional shape of the stiffener folds 13, 14 may be any selected shape. The figures 

15 show triangular and semicircular shapes, but it would also be possible to use a rec- 
tangular or other shape. If the web of a thermal profile has two stiffener folds, it is 
usually advantageous to provide thermal perforation 9 only between these stiffener 
folds and to place the folds rather close to the flanges 7a, 7b. 

20 It should also be taken into account that the distance W3 between the outer surfaces 
of the flanges 7a, 7b of the thermal profiles intended for the side edges 16, 26 of the 
wall structure or wall element must be equal to the thickness D of the desired struc- 
ture or component to be cast from thermal concrete, as can be understood on the 
basis of Figures 1 , 3 and 6, as well as 7B and 8A. The thermal profiles for the cen- 

25 tral parts of the wall structure or wall component, such as thermal profiles 3f in Fig- 
ures 1 and 2, may have a width W3 smaller than the thickness D of the wall struc- 
ture or the wall component or the thermal concrete. 

The thermal perforation 9 of the thermal profile 3,4 according to the invention is 
30 made up of oblong thermal apertures 1 1, the length LI of the thermal apertures be- 
ing parallel to the profile length LL. The web 6 has such thermal apertures in its 
width orientation W3 in several adjacent rows 12a, 12b, 12c, etc., as can be seen in 
Figure 5, which shows in part the webs of profiles according to Figures 4A-4F. 
Typically the length LI of the thermal apertures 11 is at least five times, preferably 
35 at least ten times, and possibly even 25 times the width Wl of the apertures. In 
practice the web has thermal apertures 11 in at least three adjacent rows 12a, 12b 
and 12c, as shown in Figures 7B and 8A, but most preferably the number of rows of 
these thermal apertures is greater, for example four or six, as shown in Figure 5. In 
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addition, in any two adjacent rows of apertures, such as rows 12a and 12b, re- 
spectively rows 12b and 12c, as well as rows 12c and 12d, the thermal apertures are 
offset relative to each other. This means that in one row the distance L2 between 
successive thermal apertures 1 1 is in alignment with the length LI of a thermal aper- 
5 ture in the adjacent row of thermal apertures 11, and typically in the middle of this 
length LI, as is shown in Figure 5. The distance W2 between the adjacent rows 12a, 
12b, 12c, etc., of thermal apertures is typically greater than the thermal aperture 
width Wl in the direction of the width W3 of the web. However, these width di- 
mensions are in each given case designed keeping in mind the required loadbearing 
1 0 capacity and thermal insulation capacity. 

As was pointed out above, the binder in the thermal concrete 15 is made up of a hy~ 
draulically, i.e. by means of water, hardening, at least in the main inorganic mix, 
such as any known cement type or new cement type or a corresponding material. 

15 The mix may also contain organic additives. These mixes and any additives are all 
materials known per se , and therefore they are not described here in greater detail. 
In addition, the particles of the filler or aggregate of the thermal concrete 15 consist 
at least in the main of hollow microspheres having an outer diameter in any case 
smaller than 3 mm and in practice at maximum 2 mm. The structure of a thermal 

20 concrete consisting of larger microspheres is often non-homogeneous and too brit- 
tle. The hollow microspheres of the aggregate of thermal concrete according to the 
invention have an outer diameter preferably at maximum 1 mm, but it is also possi- 
ble to use microspheres of an order of 0.5 mm. The material of these hollow micro- 
spheres may be any glass type or any ceramic material or any suitable plastic. The 

25 aggregate of the thermal concrete may also consist of a mixture of hollow micro- 
spheres of different materials. Such hollow microspheres are known per se . and they 
are used as aggregates or fillers in different materials, and thus it is not necessary to 
describe them here in greater detail. The density of a thermal concrete 15 of the type 
described above, i.e. a hardened and dried thermally insulating composite material, 

30 is according to the invention less than 350 kg/m 3 , and preferably less than 
300 kg/m 3 . Typically the thermal concrete used in a wall structure or wall compo- 
nent according to the invention is a thermal concrete which contains the binder and 
aggregate described above and has a density within a range of 200-250 kg/m 3 . Thus 
there is easily reached a thermal insulation capacity which is below 0.06 W/m 2 -K 

35 with reasonable and normally used wall thicknesses. If what is in question is a wall 
in which great strength is not required it is also possible to use a thermal concrete 
having a density of the order of 150 kg/m 3 . Even at this density, a thermal concrete 
of the type described will not tend to crack but is stable in structure, contrary to 
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foamed concretes. Since the thermal concrete used has a hardening mechanism of 
the same type as other conventional concrete mixes, there are no production prob- 
lems in the casting and hardening of the concrete mix 5. It is, of course, possible to 
use in the aggregate not only the hollow microspheres described above but also ag- 
5 gregate particles of other types, but usually these are of no advantage; sufficient 
strength and a high thermal insulation capacity are achieved by using the hollow mi- 
crospheres described above or a combination of hollow microspheres of different 
materials and/or of different sizes. 

10 As was already described above, it is possible to use in a wall structure or in wall 
components according to the invention thermal profiles 3, 4 which have in their 
thermal perforation 9 either the same or different size of thermal apertures 1 1. When 
the fabrication method, described below, according to Figures 7A and 7B is used, 
the size of the thermal apertures 1 1 may be equal in all of the thermal profiles 3, 4. 

15 In this case the smallest dimension Wl of the thermal apertures must be smaller than 
the smallest outer dimension of the hollow particles of the thermal concrete 5. Thus, 
the thermal profiles 3,4 forming the outermost side edges 16, 26 of the wall struc- 
ture or wall component will not allow a fluid castable composite material 5 through 
but the material will remain within the area delimited by the frame members 3a, 3b, 

20 3c, 3d, 4a, 4b forming the edges in the case of Figure 2 and within the area delim- 
ited by frame members 3a, 3b, 4a, 4b in the case of Figure 7A. Thus the thermal 
concrete mix 5 is to be distributed over the entire area of the wall structure or wall 
component in case all of the thermal profiles of the structure are of a type the width 
W3 of which is equal to the wall thickness D. If, on the other hand, thermal profiles 

25 3, 4 having a width W3 smaller than the wall thickness D, such as profiles 3f ac- 
cording to Figures 1 and 2, are used inside the outermost side edges 16, 26, the fluid 
thermal concrete mix 5 will flow without hindrance, even when poured at one point, 
over the entire area of the wall structure or wall component. If, on the other hand, it 
is desired to cast the fluid thermal concrete mix 5 from only one point and simul- 

30 taneously to use inside the outermost side edges 16, 26 thermal profiles 3, 4 extend- 
ing in their width W3 over the entire wall thickness D, in this case the smallest 
cross-sectional surface Wl of the thermal apertures 1 1 in the thermal profiles, such 
as profiles 3e, in the middle of the structure must be substantially greater than the 
greatest outer diameter of the hollow particles of the thermal concrete 5, in which 

35 case the fluid thermal concrete mix 5 can flow through the thermal apertures 1 1 of 
the thermal profiles over the entire surface area of the wall structure or wall compo- 
nent. To summarize, it can thus be noted that if it is desired to perform the casting 
into a wall structure or wall component from only one point, the thermal profiles 
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other than those forming the outermost side edges 16 and 26 must be either profiles 
having a width W3 smaller than the wall thickness D or profiles in which the small- 
est width Wl of the thermal apertures 1 1 is substantially smaller than the maximum 
outer diameter of the hollow particles of the thermal concrete. If it is possible to cast 
5 the fluid composite material 5 from several points to all possible spaces of the 
structure, the above limitations are, of course, not necessary. In any case, according 
to the invention the thermal profiles 3, 4 forming the outermost side edges 1 6 and 26 
must be of a type in which the smallest width Wl of the thermal apertures 11 is 
substantially smaller than the smallest outer diameter of the hollow particles of the 
1 0 thermal concrete . 

When wall structure sections or wall components 10a and 10b according to the in- 
vention are attached one as a continuation of another, a joint structure 30 according 
to the invention is used; it is shown schematically in Figure 3 and one preferred em- 

15 bodiment of it is shown in greater detail in Figure 6. This joint structure 30 com- 
prises, first, in the orientation of the thickness D of the structure sections or wall 
components, a sealing strip 31 at least between the side edges 16 of adjacent struc- 
ture sections or components 10a and 10b, the sealing strip extending in the orienta- 
tion of the thickness D at least across the area of the thermal perforation 9 of the 

20 thermal profiles. This thus means that the sealing strip 31 covers the thermal aper- 
tures 1 1 of both of the thermal profiles 3, 4 coming against each other. In addition, 
in the embodiment of Figure 6, the stiffener grooves 13 of the thermal profiles 
coming against each other are used for keeping the sealing strip 31 in place. This 
additional function is effected, for example, so that the sealing strip 31 has a widen- 

25 ing 37 corresponding to the grooves 13, this widening preventing the sealing strip 
31 from moving in the direction of the thickness D. Furthermore, in the area of the 
other stiffener folds 13 coming against each other there is a guide strip 33, which 
locks the adjacent wall structure sections or wall components 10a and 10b into 
alignment. This locking into alignment may, of course, also be effected under the 

30 mutual action of an outwardly oriented stiffener fold 14 and a stiffener fold 13 ori- 
ented towards the flanges; this combination is not shown in the figures, but it can be 
understood on the basis of Figure 4F. As can be seen from Figures 4A-4F, the stiff- 
ener folds 13, 14 may have a desired cross-sectional shape, usually notch-like and in 
this case either curved or angular. 

35 

In Figure 6, the warm side of the wall structure is indicated by (+), and this outer 
surface 2, towards the interior of the building, of a wall structure or wall component 
is in this case clad with a gypsum board 35. The other outer surface 1 of the wall 
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structure or wall component according to the invention is surface treated first with 
an attenuating bonding agent 32 and, on top of this, a thermal insulation board 34. 
On top of the latter there is a rendering coat 36 reinforced with a metal or plastic 
netting. This side, coming on the cold side of the wall is indicated by (-). It is clear 
5 that any other suitable or desired surface treatment may be used instead of the 
boards on either one of the outer surfaces 1 and/or 2. 

The plate-like wall component 10 according to the invention can be fabricated either 
by the method depicted in Figures 7A-7B or by the method depicted in Figures 8A- 

10 8B, although the method depicted in Figures 7A and 7B is, according to the current 
conception, often preferable, especially in the prefabrication of wall components. 
On the other hand, by the method depicted in Figures 8A and 8B it is possible to 
fabricate advantageously, on site in its final position, a plate-like wall structure ac- 
cording to the invention, or a section thereof. In either case, there is first arranged 

15 one casting form surface 20, corresponding to the plate orientation P or parallel to 
the planarity P of the component and having the size of at least one outer surface 1 
or 2 of the component, the form surface being typically made up of one surface 20 
of a suitable form piece 22. Next, at least loadbearing frame members 3a, 3b, 3c, 
etc., are placed against this casting form surface 20, and, when necessary, frame 

20 members 4a, 4b, etc., the frame members being made up of thermal profiles 3, 4 ac- 
cording to the invention. At least one flange 7a or 7b of each of these thermal pro- 
files 3, 4 is placed against this casting form surface 20, whereupon the webs 6 of 
thermal profiles 3, 4 will be at least in the main in the orientation of the intended 
wall thickness D. 

25 

Figures 7A and 7B depict one preferred method according to the invention for the 
fabrication of a plate-like wall component. In this case, only one casting form sur- 
face 20, mentioned above, is used. A sheet metal profile 3a...3d, etc., and 4a...4d, 
etc., corresponding to and forming each free side edge 16 and 26 of the component 

30 is placed against this casting form surface 20 in such a manner that one flange of 
each of these profiles, either flange 7a or, according to the figure, flange 7b, settles 
against this casting form surface 20. Thereafter, care is taken that the casting form 
surface 20 is substantially horizontal, regardless of the position, described above, of 
the casting form surface at the placement step of the sheet metal profiles 3,4. When 

35 the casting form surface 20 is horizontal, the webs 6 of the thermal profiles 3, 4 are 
substantially vertical. Besides the said thermal profiles at the side edges 16, 26, it is 
possible to place, within the area delimited by the side edges 16, 26, in any manner 
described above thermal profiles 3, 4 of any type described above, for example 
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thermal profiles 3f and/or 3e and/or 3g. Thereafter the fluid composite material 5 
forming the thermal insulation is cast between the sheet metal profiles 3a-3d, 4a-4d 
situated at the free edges 16, 26 of the plate-like wall component 10 in the case of 
the structure of Figure 2, or between the sheet metal profiles 3a-3b and 4a-4b in the 
5 case of the structure of Figure 7 A. This casting depicted in Figures 7 A and 7B is 
carried out either at one point or at several points of the area delimited by the ther- 
mal profiles 3, 4 at the side edges 16, 26, depending on the types of the intermediate 
profiles 3e, 3f and 3g and on the fluidity of the fluid thermal insulation material 5. 
Thereafter, the thermally insulating composite material 5 is allowed to harden, 

10 whereupon a stiff thermal insulation material is formed. This cast and hardened 
composite material 15, of course, is bonded to the thermal profiles 3, 4, in particular 
under the effect of the thermal apertures 1 1 in them. This casting form surface 20 
has the size of at least one outer surface 1 or 2 of the component to be cast, but it 
may be even clearly larger, as can be understood on the basis of Figure 7A. The 

15 fluid thermal insulation material 5 is in this case cast so that the upper level, not in- 
dicated in the figures, of the fluid material 5 settles at maximum at the level 2 of the 
upwardly oriented flanges 7a of the sheet metal profiles at the side edges 16, 26 of 
the component. In this case, after the thermal insulation material has hardened to a 
thermally insulating composite material 15, the upper surface of this material is at 

20 the same level as the flanges 7a of the thermal profiles 3,4. whereby the other outer 
surface 2 of the component is formed. It must, of course, be taken into account that 
if the fluid thermal insulation material shrinks upon hardening, it is sensible to cast 
it to a slightly higher level, whereupon the upper surface of the hardened thermally 
insulating composite material 15 will be at the same level as the flanges 7a, forming 

25 the second surface 2 of the component. In this manner two smooth surfaces 1 and 2 
are obtained for the wall component 10, one by means of the casting form surface 
20 and the other by means of an open upper part freely settled at a level. After the 
fluid thermal insulation material 5 according to the invention has hardened to a stiff 
and strong composite thermal insulation material 15, the casting form surface 20 is 

30 detached from the formed wall component 10. The wall component can then be 
transported or transferred to the installation site. One and the same casting form sur- 
face 20 can then be used for casting more new components. Thus the casting form 
surface is a normal form surface which adheres as little as possible to the thermal 
insulation material 5, 15 cast. 

35 

It is, of course, understandable that in the fabrication method described above it is 
also possible to cast in layers different hardening composite materials in order to 
obtain the desired properties in the product. The casting of the upper surface may 
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also be left lower than the upwardly oriented flanges 7a, in which case the remain- 
der of the wall thickness D can be used for some other purpose or be filled with 
some other material. It is also most expedient to keep the casting form surface 20 
horizontal also during the placing step of the frame members and all other thermal 
5 profiles 3, 4, in which case it is not necessary to move the form plate 22 forming the 
casting form surface 22. In this embodiment, thermal profiles are placed in all of the 
free side edges 16, 26. The casting form surface 20 is preferably of a type which 
will not adhere, at least not firmly, to any of the materials cast, so that the casting 
form surface 20 can be detached easily and reliably after the hardening of the cast- 

10 ings. It is, of course, possible to use a mix which tends to adhere to the form surface, 
as long as there is, between this mix and the casting form surface, a layer of a mate- 
rial, such as the hardening thermal insulation material 5 according to the invention, 
which will not adhere to the casting form surface 20. In this case, however, it is nec- 
essary to observe sufficient caution so that there will be no difficulties encountered 

15 in the detaching of the casting form surface. 

The embodiment of Figures 8A and 8B can also be used for prefabricating wall 
components, but typically it is used for fabricating a wall structure or a section 
thereof on site. In this embodiment it is not necessary to install any thermal profile 

20 4a at the lower edge, although the profile is preferable in terms of the strength and 
rigidity of the structure. Likewise, the thermal profile 4b for the upper edge of the 
structure may be installed either before the casting of the fluid thermal insulation 
material 5 or only after its casting but before its hardening. In all other respects the 
frame members 3a, 3b, 3c, etc., 4c, 4d, etc., and the other thermal profiles 3, 4, are 

25 placed against one casting form surface 20 in such a manner that one flange of each 
thermal profile, such as flange 7b, will settle against this surface and the webs 6 of 
the profiles will be perpendicular to this surface 20. As above, this casting form sur- 
face 20 is also made up of a form piece 22. In this case, also, the casting mold sur- 
face 20 must be in size at least equal to an outer surface 1 or 2 of the wall structure, 

30 or a section thereof, being fabricated, as can be seen in Figures 8A and 8B. At least 
during the casting of thermal concrete, the sheet metal profiles 3 intended for the 
vertical side edges 16. 26, are to be positioned so that a flange 7a or 7b of each of 
these profiles comes against this casting form surface. If the wall structure or its 
section 10 has openings 25, all of the side edges 26 of these openings are, of course, 

35 to be formed from thermal profiles 3, 4, as in the embodiment described above. 
When all of the necessary thermal profiles 3, 4 have been placed within the area of 
the wall structure or its section 10, there is placed against at least the flanges 7b, or 
respectively 7a, of the thermal profiles 3, 4 in the side edges 16, 26, oriented away 
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from the first casting form surface 20 a second vertical casting form surface 21, 
which may in the conventional manner be made up of one surface of a plate or other 
form material 23, as can be seen in Figure 8A. 

5 Figures 8 A and 8B depict the situation in which the upwardly facing side edge 16 
has a special-type thermal profile 4b, which contains sufficiently large gates 19 for 
the casting of a fluid and hardening composite material 5. Figures 8 A and 8B thus 
depict a casting situation in which there are, pressed between two casting form sur- 
faces 20 and 21, thermal profiles 3, 4, which form both upright frame members 3a, 

10 3b, etc., and a lower edge frame member 4a and an upper edge frame member 4b, in 
which case all the thermal profiles except the upper edge profile 4b are of the ordi- 
nary type depicted in Figures 4A-4F and 5, having in their webs only thermal aper- 
tures of the size described above, whereas the thermal profile 4b of the upper edge 
additionally contains casting gates 19 or at least one casting gate. The flanges 7a and 

15 7b of at least the thermal frame members at the edges 16, 26 are pressed against the 
casting form surfaces 20, 21, whereby a casting form tight at its edges is produced 
for the fluid composite material 5. For the casting of thermal concrete, the casting 
form surfaces are arranged to be vertical or nearly vertical, although the placing of 
the thermal profiles can be carried out in any position suitable in the given case. 

20 Thereafter the fluid thermal insulation material 5 is cast, for example, through the 
gates 19 shown in Figures 8A and 8B, until the volume of the wall structure, or a 
section thereof, delimited by the thermal profiles at the edges 16, 26, has been filled 
with a thermal concrete mix of the type described above. Thereafter this thermally 
insulating composite material 5 is allowed to harden to a thermally insulating ther- 

25 mal concrete 15. In this case the other alternative is to leave the thermal profile 4b 
of the upper edge first uninstalled, to cast first the thermal insulation material 5 via 
the free upper edge, and thereafter to fit a thermal profile 4b of the conventional 
type, i.e. without gates 19, at the correct point of the wall structure or its section be- 
fore the composite material 5 hardens to thermal concrete 15. After the fluid thermal 

30 insulation material 5 according to the invention has hardened to a stiff and strong 
composite thermal insulation material 15, the casting form surfaces 20 and 21 are 
detached from the formed wall component, wall structure or its section 10. A wall 
structure or its section thus remains on this casting and installation site, whereas a 
prefabricated component can be transported elsewhere. The same casting form sur- 

35 faces 20 and 21 can thereafter be used for casting more new components. Thus, both 
of the casting form surfaces are normal form surfaces having as minimal as possible 
adhesion to the cast thermal insulation material 5, 15. 
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Before the casting of the fluid composite material 5, i.e. during the installation of 
the frame members made up of thermal profiles 3, 4 on the casting form surface, it 
is most expedient to fasten any intersecting profiles in some suitable manner, for ex- 
ample, self-tapping screws or pop rivets 29 or in some other suitable manner. This 
5 will prevent any unintended shifting of the thermal profiles 3, 4 during the casting 
of the composite material 5. In particular in the case of Figures 7 A and 7B it is ad- 
visable to fasten one to another all of the thermal profiles at the side edges 16, 26. 
Also thermal profiles other than those at the side edges can be fastened either one to 
another or to thermal profiles at the edges. In the embodiment of Figures 8A and 8B, 
10 the compression between the casting form surfaces 21 and 20 will hold the profiles 
in place, but even in this case it may be advantageous to use fastening 29 in order to 
ensure precision of the final dimensions and the strength. 
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Claims 

1 . A plate-like wall structure or wall component which comprises: 

- oppositely positioned outer surfaces (1, 2); 

- between the outer surfaces, loadbearing frame members (3a, 3b, 3c ...) made up of 
5 thermal profiles (3, 4), each of them consisting of substantially one bent sheet metal 

piece and comprising: 

- at opposite edges, flanges (7a, 7b), at least part of one or of both flanges 
being located in the area of the outer surfaces; 

- connecting the flanges, a web (6) in the orientation of the thickness of the 
1 0 structure or the component; 

- in its web, thermal perforation (9) which reduces the conduction of heat, 
the perforation being made up of substantially oblong thermal apertures 
(11), the oblong property (LI) of the apertures being parallel to the profile 
length (LL) and there being such apertures in adjacent rows (12a, 12b, 12c 

15 ...) in the web (6) so that in any two adjacent rows of apertures (12a and 

12b; 12b and 12c; 12c and 12d ...) the thermal apertures (11) are offset 
relative to each other, 
characterized in that, additionally: 

- in the said wall structure or wall component (10), all of the side edges (16, 26) 
20 transverse to the plate orientation (P) are made up of said thermal profiles; and 

- the wall structure or wall component comprises a stiff thermally insulating com- 
posite material (15) in which the principal binding agent is a hydraulically hardening 
inorganic mix and the aggregate is in the main made up of hollow particles and 
which fills the spaces between the sheet metal profiles and is bonded to these pro- 

25 files. 

2. A wall structure or wall component according to Claim 1, characterized in 
that the length (LI) of the thermal apertures (1 1) is at least five times, and prefera- 
bly at least ten times, and typically approx. 25 times, the width (Wl) of the aper- 
30 tures, that the distance (W2) between adjacent rows (12a, 12b, 12c, etc,) of thermal 
apertures is typically greater than the width (Wl) of the thermal apertures in the ori- 
entation of the web width (W3), and that the thermal apertures (1 1) are in the middle 
region of the web. 

35 3. A wall structure or wall component according to Claim 1 or 2, character- 
ized in that the thermal profile (3, 4) is in its cross-section a U-profile, or alterna- 
tively the extreme edges of the profile flanges (7a and/or 7b) have edge folds (8) 
pointed towards each other, in which case the thermal profile is in its cross-section a 



WO 98/45545 



PCT/FI98/00317 



18 

C-profile, and that the thermal profile has longitudinal stiffener folds (13, 14) in the 
web (6) between the thermal perforation (9) and at least one flange (7a or 7b), and 
that, when necessary, the thermal profile (4b) located at the top side edge of the wall 
structure or wall component has gates (19) suited for the casting of thermal concrete 
5 (5). 

4. A wall structure or wall component according to Claim 1, characterized in 
that the particles of the aggregate of the thermal concrete (15) are made up of mi- 
crospheres having an outer diameter of at maximum 2 mm and preferably at maxi- 
10 mum 1 mm, and that these microspheres are of glass and/or a ceramic material 
and/or plastic, and that the density of the thermal concrete (15) is below approx. 
350kg/m 3 , preferably below 300kg/m 3 , and typically within a range of 200- 
250kg/m 3 . 

15 5. A wall structure or wall component according to Claim 1 or 4, character- 
ized in that the joint structure (30) between wall structure sections or wall compo- 
nents (10a and 10b) to be continuations of one another in the wall comprises a seal- 
ing strip (31) extending, in the thickness orientation (D) of the wall structure sec- 
tions and/or wall components, at least over the thermal perforation area (19) of the 

20 thermal profile at the said side edge (16), and that the thermal profiles have longi- 
tudinal grooves (13) and/or ridges (14) or the like for holding the sealing strip in 
place. 

6. A wall structure or wall component according to Claim 1, characterized in 
25 that the said outer surfaces (1, 2) are surface treated (32) or clad with a plate mate- 
rial (34; 35). 

7. A method for fabricating a plate-like wall component, which method com- 
prises as its steps: 

30 { 1 } there is provided at least one casting surface corresponding to the plate ori- 
entation (P) of the wall component (10) and having the size of at least one outer sur- 
face (1 or 2) of the component; 

{2} there are placed between the future outer surfaces (1 and 2) of the wall 
component at least loadbearing frame members (3a, 3b, 3c ...), these profiles being 
35 each made up of substantially one bent sheet metal piece and having, at oppositely 
positioned edges, flanges (7a and 7b) and a perforated web (6) connecting the 
flanges in the orientation of the wall thickness (D); 
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{3} there is cast between the sheet metal profiles and into contact with them a 
composite material (5) the principal binding agent in which is a hydraulically hard- 
ening inorganic mix, and which fills the spaces between the sheet metal profiles and 
forms a stiff thermal insulation (15), 
5 characterized in that in the method: 

{4} the casting surface used is a form surface (20); 

{5} the said sheet metal profiles used are thermal profiles (3, 4), each profile 
comprising in its web thermal perforation (9) reducing the conduction of heat, 
which perforation is made up of substantially oblong thermal apertures (11), the 

10 oblong property (LI) of the apertures being parallel to the profile length (LL) and 
there being such apertures in the web (6) in adjacent rows (12a, 12b, 12c ...) in such 
a manner that in any two adjacent rows (12a and 12b; 12b and 12c; 12c and 12d ...) 
of apertures the thermal apertures (1 1) are offset in relation to each other; 
{6} at the placement step of the frame members there is positioned at each free 

15 side edge (16, 26) of the plate-like wall component a thermal profile (3a...3d, etc., 
4a... 4d, etc.) of the said type, in such a manner that a flange (7a or 7b) of each of 
these profiles settles against the said one casting form surface (20); 
{7} before the casting step of the composite thermal insulation material (5), the 
casting form surface (20) is arranged to be substantially horizontal, whereupon the 

20 webs (6) of the thermal profiles will be vertical; 

{8} the fluid composite thermal insulation material (5), in which the aggregate 
is in the main made up of hollow particles, is cast between the said thermal profiles 
(3a-d, 4a-b) at the free side edges of the plate-like wall component; 
{9} the thermally insulating composite material (5 15) is allowed to harden; 

25 and 

{10} the said form surface (20) is detached from the component (10) formed by 
the sheet metal profiles and the stiff thermal insulation (15). 



8. A method for fabricating a plate-like wall structure or a section thereof, 
30 which method comprises as its steps: 

{ 1 } there is provided at least one vertical casting surface (20) corresponding to 
the plate orientation (P) of the wall structure or its section (10) and having the size 
of one outer surface ( 1 or 2) of the wall structure; 

{2} there are placed between the future outer surfaces (1 and 2) of the wall 
35 structure or its section at least loadbearing frame members (3a, 3b, 3c ...), these 
profiles being each made up of substantially one bent sheet metal piece and having, 
at oppositely positioned edges, flanges (7a and 7b) and a perforated web (6) con- 
necting the flanges in the orientation of the wall thickness (D); 
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{3} there is cast between the sheet metal profiles and into contact with them a 
composite material (5) the principal binding agent in which is a hydraulically hard- 
ening inorganic mix, and which fills the spaces between the sheet metal profiles and 
forms a stiff thermal insulation (15), 
characterized in that in the method: 
{4} the casting surface used is a form surface (20); 

{5} the said sheet metal profiles used are thermal profiles (3, 4), each profile 
comprising in its web thermal perforation (9) reducing the conduction of heat, 
which perforation is made up of substantially oblong thermal apertures (11), the 
oblong property (LI) of the apertures being parallel to the profile length (LL) and 
there being such apertures in the web in adjacent rows (12a, 12b, 12c ...) in such a 
manner that in any two adjacent rows (12a and 12b; 12b and 12c; 12c and 12d ...) of 
apertures the thermal apertures (1 1) are offset in relation to each other; 
{6} at the placement step of the frame members, at least at the future vertical 
side edges (16, 26) of the plate-like wall structure or its section there are positioned 
thermal profiles (3a...3d, etc.) of the said types so that a flange (7a or 7b) of each of 
these profiles settles against the said one form surface (20); 

{7} before the casting step of the composite thermal insulation material (5), a 
second vertical casting form surface (21) is placed against those flanges (7b or resp. 
7a) of the thermal profiles (3, 4) which are oriented away from the said one form 
surface (20), at least at the side edges; 

{8} the fluid composite thermal insulation material (5), in which the aggregate 
is in the main made up of hollow particles, is cast into the spaces between the ther- 
mal profiles (3a...3d, etc.) at the vertical side edges of the plate-like wall structure or 
its section and the two casting form surfaces (20 and 21); 

{9} the thermally insulating composite material (5 -> 15) is allowed to harden; 
and 

{10} the said form surfaces (20, 21) are detached from the wall structure or its 
section (10) made up of the sheet metal profiles and the stiff thermal insulation (15). 

9. A method according to Claim 7 or 8, characterized in that in the method, 
at the placement step {4} of the frame members, all of the side edges (16) and addi- 
tionally the side edges (26) of the necessary window openings, door openings and/or 
any other openings (25) are formed in the building component by using the said 
thermal profiles, which thermal profiles (3, 4) placed at the edges are fastened one 
to another at their meeting points. 
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10. A method according to Claim 7 or 8, characterized in that in the method, 
additionally, at the placement step {4} of the frame members other frame members 
(3e, 3f, 3g, etc.) are placed within the area delimited by the thermal profiles placed 
at the outermost side edges (16), these other frame members being preferably of the 

5 same profile type as the said thermal profiles placed at the side edges, and that the 
thermal apertures (1 1) are within the middle region of the web. 

11. A method according to Claim 7, characterized in that in the method, addi- 
tionally, the form surface (20) is kept in a horizontal position throughout the place- 

10 ment step {4} of the frame members, and that at the casting step {6} of the thermal 
insulation material the casting is done at maximum to the level (2) of the upwardly 
oriented flanges (7b) of the thermal profiles, at least at the side edges (16, 26). 

12. A method according to Claim 8, characterized in that in the method, addition- 
15 ally, either: 

- at the placement step {4} of the frame members there is positioned at the upper 
edge of the wall structure or its section a sheet metal profile (4b) which has gates 
(19) for the casting of a fluid thermal insulation material; or 

- after the casting of the fluid thermal insulation material (5), a sheet metal profile 
20 (4b) is positioned at the upper edge of the wall structure or its section. 

13. A method according to Claim 7 or 8, characterized in that the aggregate in 
the castably fluid and hardening thermal insulation material (5 — » 15) consists, at 
least in the main, of hollow particles and that the particles are microspheres which 

25 are made up of glass or a ceramic material or plastic, whereby a thermally insulating 
thermal concrete (15) is formed. 
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